Abstract-Amplification of sea buckthorn Hippophae rhamnoides L. 5S rDNA nontranscribed spacer with coding border anneal primers showed existence of a single fragment. The fragment was cloned and sequenced. It was shown that length of the Hippophae rhamnoides L. 5S rDNA nontranscribed spacer is 807 bp. Analysis of the sequence allowed to detect a high homology with early described microsatellite locuses of Hippophae rhamnoides L., russian olive Elaeagnus angustifolia L., and Calligonum mongolicum Turcz. that include a (GA) 9 motif. These results may be useful to study a ribosomal RNA gene organization.
INTRODUCTION
The majority of animals and seed plants have the genes encoding 5S ribosomal RNA organized in clusters consisting of tandemly repeated monomers linked in a head to tail configuration [1] [2] [3] . Each monomer includes conservative coding region of 120 nucleotides and nontranscribed spacer (NTS), whose elements and length vary in different species [4] [5] [6] . NTS polymorphism of 5S rDNA is used in phylogenetic studies, the analysis of hybrids, and the creation of speciesspecific markers [7, 8] . Due to the fact that 5S rDNA clusters' coding regions are conservative, it is possible to amplify NTS from a broad range of species with the same pair of primers designed for flanking sequences (Fig. 1 Sea-buckthorn (Hippophae rhamnoides L., 2n = 24) is a dioecious multistemmed shrub (rarely a tree) in the family Elaeagnaceae with a wide range mainly in the Northern hemisphere of Eurasia; it is cultivated as a fruit and medicinal plant [11] . For biological studies, this plant is particularly interesting because of sex chromosomes in its karyotype. It has been shown that the Y chromosome is usually shorter than the X chromosome in a pair of sex chromosomes. However, among the genotypes of H. rhamnoides growing in Romania, there are some in which the Y chromosome is much longer than the X chromosome [12] . There are not many studies of sea-buckthorn's molecular genetics and cytogenetics. It is known that the size of its genome is ~2.55 × 10 9 bp/2С [13] .
Markers based only on random amplification of polymorphic DNA (RAPD markers) were suggested to identify the sex of the plants of sea-buckthorn. Some attempts were also made to use RAPD and other molecular markers for studying the polymorphism of sea-buckthorn [11] .
5S rDNA loci of sea-buckthorn have not been studied yet. This paper is the first report on 5S rDNA NTS sequence in Hippophae rhamnoides L.
MATERIALS AND METHODS
The samples of Hippophae rhamnoides L. Lomonosovskaya, which were kindly provided by the dendrological branch of the MSU Botanic Garden, were used. DNA was extracted from young leaves of sea-buckthorn according to Doyle et al. [14] . The amplification of 5S rDNA NTS was carried out in a C1000 Touch™ Thermal Cycler (Bio-Rad, United States) using 5S1/5S2 primer set [8] in the following conditions: (1) 5 min at 94°C, (2) 30 cycles (20 s at 94°C, 20 s at 60°C, 20 s at 72°C), (3) 10 min at 72°C. Electrophoretic separation of the amplification products was performed in 1.5% agarose gel at 5 V/cm and photographed with a gel documentation system Gel Doc XR+ (Bio-Rad, United States). The product of the polymerase chain reaction (PCR) was purified using a set of GenJet™ PCR Purification Kit (Fer- 
RESULTS AND DISCUSSION
The amplification with primers 5S1/5S2 on the matrix of total genomic DNA Hippophae rhamnoides L. showed a single fragment with length of approximately 900 bp (figure). After cloning, this PCR product inserts of ten selected clones were sequenced. Identity of the obtained sequences was 97-98%, which was typical for evolutionary mature species whose homogenization of 5S rDNA nontranscribing spacers had happened long time ago. Consensus 807-nucleotide sequence of 5S rDNA in Hippophae rhamnoides L. was published in Genbank database (KX010422).
Analysis of the 5S-rDNA NTS sequences in Hippophae rhamnoides L. showed 8-nucleotide TATA-like motif located at a distance of 26 bp before the start of the 5S rRNA gene (figure). The existence of such motives, similar to the common for archaea and eukaryotes TATA box promoter, is a structural-functional feature of many previously described 5S rDNA NTS.
Another feature of the 5S rDNA NTS in Hippophae rhamnoides L. is the microsatellite locus (GA) 9 at the -252 region and the -235 region from the beginning of the 5S rRNA gene. Among plants, a similar phenomenon (but with other microsatellite motives) is described only in Populus deltoides (motif (GAA) [10] [11] [12] [13] ) and several species of poplars and Lens culinaris (motif (TA) [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] ) [9, 16, 17] . Therefore, we can conclude that it is the first time when the 5S rDNA NTS with (GA) 9 microsatellite motif is found in plants. However, microsatellite motif in the sequence of 5S rDNA NTS is common for fish: (GCT) 10 in Potamotrygon motoro [18] , (CA) 13 in Merluccius albus [19] , (GCT) [8] [9] [10] [11] in Micropterus salmoides [20] , (CA) 48 in Molva molva [21] , (CA) 14 in Aulopus japonicus [22] , (TTTG) 5 in Danio rerio [23] and in others. It is widely known that the 5S rDNA NTS, as well as many other spacer sequences in genome, are evolutionarily plastic regions. This flexibility occurs because mutational changes in these regions do not have a significant impact on the function of 5S rRNA synthesis and they will accumulate quickly if these modifications are fixed. The emergence of 5S rDNA NTS microsatellite repeats in the sea-buckthorn (in the same way as in aforementioned fish and plants) is a special case of this process.
BLAST-analysis of the 5S rDNA NTS in Hippophae rhamnoides L. showed a high level of homology in sufficiently long regions of the studied sequences with some previously sequenced microsatellite loci in Hippophae rhamnoides L. (Elaeagnaceae) [11] , Elaeagnus angustifolia (Elaeagnaceae) [24] , and Calligonum mongolicum Turcz. (Polygonaceae) [25] (Fig. 1, table) . In all these sequences, there is also a tandem motif of (GA) 9 .
This work is the first step in the study of the 5S rDNA loci in sea-buckthorn and its relatives and can be useful to establish molecular phylogenetic relationships among species Elaeagnaceae and to contribute to the understanding of the 5S rRNA genes organization in plants. 
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